Among the recipients of solid organ transplants, renal transplant patients have the highest 1-year graft and patient survival.^[@bib1],[@bib2]^ However, the rate of renal allograft loss after the first year has only marginally improved during the past decade.^[@bib3]-[@bib6]^ Although a variety of factors^[@bib7]^ are involved, the degree of allograft function during the first year of transplant is a potent predictor of long-term graft survival^[@bib8],[@bib9]^ as well as patient survival.^[@bib10],[@bib11]^

Persistence of allograft dysfunction after treatment of acute rejection^[@bib12]-[@bib14]^ or unexplained suboptimal graft function^[@bib12]^ remains a challenging problem, especially if the biopsy findings demonstrate the predominant features of tubulointerstitial inflammation (TII) (composite of any combination of tubulointerstitial inflammation, tubular-calcification/degeneration, and vacuolization), or interstitial fibrosis (IF)/tubular atrophy (TA) with or without interstitial inflammation.^[@bib13],[@bib15]-[@bib22]^ El-Zoghby et al^[@bib14]^ demonstrated that in nearly one third of cases with new-onset allograft dysfunction early after transplantation had TII. Surveillance biopsy data indicates that development and progression of TII is an active process and progresses over time,^[@bib23],[@bib24]^ leading to progressive decline in allograft function.^[@bib23],[@bib25]^ Interstitial injury on protocol biopsies, even in the absence of allograft dysfunction, is a potent risk factor for future graft loss.^[@bib26],[@bib27]^

Allograft dysfunction in the presence of nonspecific TII or IF/TA is often assumed to be due to cumulative exposure to calcineurin inhibitors (CNIs),^[@bib28]-[@bib30]^ although there are no clinical or specific histological characteristics^[@bib31]^ to make a definitive diagnosis of CNI-related injury.^[@bib14],[@bib32],[@bib33]^ Notwithstanding these controversies, diverse approaches have been adopted during the past decade to abrogate these patterns of presumed CNI effects. For example, CNI dose reduction,^[@bib34]^ discontinuation of CNI,^[@bib35]^ or replacement of CNI with mammalian target of rapamycin inhibitors (mTORIs) either in the early,^[@bib36]-[@bib38]^ or later years^[@bib39]^ after transplant have been attempted with inconsistent results. These studies invariably included recipients with stable graft function at the time of study enrollment. Consequently, these studies are not informative for the safety and efficacy of using mTORIs in recipients with new-onset allograft dysfunction, specifically during the first year of transplantation.

The hypothesis that continuation of CNIs can be associated with worsening renal function specifically in renal transplant recipients with TII and IF/TA and early allograft dysfunction requires validation. To test this hypothesis, we used single-center data with well-established and robust clinical practices for tracking of the longitudinal data in patients with new-onset acute allograft dysfunction, who either continued to be maintained on tacrolimus- based or were converted to use sirolimus-based therapy.

Based on the recent observations^[@bib21],[@bib32],[@bib40]^ that worsening allograft function can be due to different patterns of injury in the allograft, we limited this analysis only to those without other concomitant features of microcirculatory inflammatory changes in the index biopsies,^[@bib21]^ presence of other pathologies including absence of proteinuria, and absence of preexisting or de novo anti-HLA antibodies (Figure [1](#F1){ref-type="fig"}).

![Flow diagram of the study groups: description of the cohort that underwent allograft biopsy following discharge after transplantation and the details of the recipients that were excluded from this study analysis. A, Recipients of kidney transplants with cytotoxicity and cytometric flow crossmatch negative at the time of transplantation and without pre-existing anti-HLA antibodies. B, Recipients underwent biopsy for either an increase in serum creatinine or serum creatinine continued to remain elevated \> 2 mg/dL. C, Index biopsy showed histological features of microcirculatory inflammation ( peritubular capillaritis (PTC \> 1), glomerulitis (G \> 1), without or with C4d positive staining. D, Recipients with de novo anti-HLA antibodies at the time of index biopsy. E, Histological features were consistent with acute pyelonephritis and were treated with antibiotics. F, Recipients who showed features of different glomerular diseases (focal segmental glomerulosclerosis (n = 5), membranous disease (n = 3), membranoproliferative disease (n = 3), IgA nephropathy (n = 2). G, Recipients who are already on sirolimus based therapy at the time of index biopsy.](txd-2-0e98-g001){#F1}

MATERIALS AND METHODS
=====================

Patients and Immunosuppression Therapy
--------------------------------------

Patients aged 18 years or older who underwent kidney allograft biopsy after completing the first 90 days of follow-up for unexplained new-onset allograft dysfunction (threatened allograft), defined by any of the following: (a) greater than 20% increase in baseline creatinine, (b) recipients in whom baseline creatinine levels continued to remain suboptimal (mean serum creatinine \>2.0 mg/dL), (c) recipients with elevated serum creatinine from the baseline and without histological features of acute rejection (T or B cell, and C4d negative by immunofluorescence) and without circulating anti-HLA antibodies and without proteinuria, were included in this analysis.

From January 2002 to December 2006, a total of 1452 patients who had negative cytotoxicity and cytofluometric crossmatches and without preexistent anti-HLA antibodies were discharged with functioning allografts after transplantation. Immunosuppression consisted of induction therapy with 3 doses of solumedrol along with either basiliximab or a single dose of alemtuzumab for first time transplants. Thymoglobulin induction (4-6 mg/kg as tolerated) was used for retransplant candidates. All patients were discharged on a combination of tacrolimus and mycophenolate mofetil (MMF)-based therapy, and most patients were discharged without maintenance steroids (steroid-free). The goal for 12-hour tacrolimus trough level was 6 to 8 ng/mL, and MMF dose was 1 g to 2 g/d. Dose adjustments of either tacrolimus or MMF were made for untoward events as deemed necessary during the follow-up period. Six hundred twenty (42.6%) of these patients underwent ultrasound-guided allograft biopsies (index biopsy) for the evaluation of acute allograft dysfunction. Patients (n = 124) were excluded from this analysis for various reasons including those with proteinuria at the time of index biopsy (Figure [1](#F1){ref-type="fig"}).

Histological Analysis
---------------------

Two renal pathologists analyzed the allograft biopsies according to the Banff criteria^[@bib41]^ longitudinally and conveyed the first-read results to the treating physician. Each treating physician among a group of 6 transplant physicians independently developed the plan of treatment based on center-specific practices, temporal trends in serum creatinine levels in each patient, appropriate treatment for BPAR based on Banff criteria, and to either continue the baseline IS with tacrolimus and MMF or to eliminate tacrolimus and use a combination of sirolimus and MMF-based therapy. With a goal 12-hour tacrolimus trough level (6-8 ng/mL) and 24-hour sirolimus trough level (6-8 ng/mL) with an aim to keep MMF dose range (1 g to 2 g/d) with dose adjustments based on individual tolerability. Patients with BPAR in the index biopsy (n = 174) were now on maintenance steroid therapy with prednisone (5-10 mg/d) during the remaining follow-up period. Rebiopsy of the allograft was performed in both groups of patients for 20% or more increase in the serum creatinine levels from the baseline (time of index biopsy) during the follow-up period. All patients were followed up longitudinally, and for this analysis, data were censored after completion of 36 months of follow-up from the time of index biopsy. The exposure to sirolimus was performed based on the model of Newer-User Study design^[@bib42]^ and intention-to-treat analysis to define the patient-centered outcomes, data were analyzed based on the original assignment of either continuation of tacrolimus or replacement with sirolimus therapy at the time of index biopsy.

Outcomes
--------

Primary outcome was a composite of: (a) BPAR during the follow-up period, (b) death-censored allograft failure (GF), (c) death with functioning graft (DWFG), (d) 50% or greater reduction in estimated glomerular filtration rate (eGFR) at 12 months (censored for GF and DWFG). Secondary outcomes included individual components of the primary outcome, such as BPAR during the follow-up, GF, and DWFG. We also studied death after graft loss (late death) defined as death within the first year after initiation of dialysis after graft failure. Additionally, graft function by eGFR was analyzed in 2 different ways: (a) 50% or greater reduction in eGFR at 12, 24, and 36 months from the time of index biopsy and (b) delta eGFR from baseline at the time of index biopsy to 12, 24, and 36 months. Both eGFR outcomes were assessed with or without last observation carried forward for sensitivity analysis. Based on our a priori hypothesis, GF and DWFG were explored in different strata\'s of eGFR at the time of index biopsy.

Covariates
----------

Different sets of covariates were chosen for the adjusted models that included:

a.  Patient characteristics: age, 60 years or older (yes/no), sex (male/female), race/ethnicity (white/black/other), diabetes mellitus status (yes/no), hypertension (yes/no).

b.  Transplant-specific characteristics: type of transplant (living donor/deceased donor), retransplants (yes/no), delayed graft function (yes/no), type of induction therapy (basiliximab/thymoglobulin/alemtuzumab, time to index biopsy (≤6 months/\> 6 months), acute rejection on index biopsy (yes/no), IF/TA (yes/no), TII (yes/no), arterial sclerosis or hyalinosis (yes/no)}, glomerular partial sclerosis (yes/no), periglomerular fibrosis (yes/no). Estimated GFR at the time of index biopsy (continuously and dichotomously as \<30/≥30 mL/min).

Statistical Methods
-------------------

All statistical analyses were performed using SAS, version 9.3 (SAS Institute, Cary, NC), and individual plots were generated using GraphPad Prism (GraphPad Software, Inc). A *P* value less than 0.05 was considered statistically significant. Quantitative variables were expressed as mean ± standard deviation or medians (interquartile range) where appropriate; categorical variables were expressed as numbers and frequencies. Differences between study groups were assessed primarily by Student *t* test and Wilcoxon-Mann-Whitney test for normally distributed and non-normal quantitative variables, respectively, or χ^2^ and Fisher exact test for categorical variables.

We aimed to test the primary hypothesis that continued use of tacrolimus in patients with new-onset allograft function during first year of transplant would result in accelerated graft loss and death. Analytical approaches included univariable and multivariable weighted logistic regression models for dichotomous outcomes and weighted Cox proportional-hazards models for time-dependent outcomes. Both weighted logistic and Cox proportional hazards multivariable models included all the covariates as described in the covariate section. Backward and stepwise selection procedures were used for identifying independent associations in reduced multivariable models. Proportional hazards assumptions were tested for final Cox proportional hazards models by generating a time-dependent covariate created for the model. Estimated Kaplan-Meier curves and log-rank tests were used to compare baseline time from index biopsy to the outcome of interest between the 2 groups.

Due to the nature of treatment assignment, bias in treatment selection by indication was a concern.^[@bib43]^ To allow for an unbiased comparison between the 2 treatment groups in regression models for the primary and secondary outcomes of interest, inverse probability of treatment weighting (IPTW) using propensity scoring was applied to account for potential confounding by indication between the 2 nonrandomized treatment groups.^[@bib44],[@bib45]^ Upon invoking IPTW, the distribution of preclinical factors may be balanced across the nonrandomized treatment groups, ensuring preclinical factors are independent of treatment, and there is no confounding by indication. Propensity scores (PS) for the probability of receiving tacrolimus or sirolimus treatment based on the patient\'s given preclinical factors were estimated for each individual patient using a multivariable logistic regression model including: age ≥ 60, sex, race/ethnicity, diabetes mellitus status, type of induction therapy, and acute rejection on index biopsy. After generation of individual estimated PS, distributions for both groups were compared to ensure balance across the 2 groups (data not shown).To implement IPTW in weighted regression models, each patient was weighted by the inverse probability of receiving the treatment they actually received based on their individual estimated PS.

Exploratory subgroup analyses were also performed to assess the univariate association between treatment groups and the primary and secondary outcomes after stratification according to the aforementioned covariates and also included eGFR at 6, 12, 24, and 36 months after index biopsy (dichotomized as \<30/≥30 mL/min). Logistic models were used for dichotomous outcomes and Cox proportional-hazards models were used for time-dependent outcomes. A 2-way interaction term was included in regression models to also test if any difference in the primary and secondary outcomes between the 2 groups depended on the presence of the parameter of interest. Forest plots were generated to display results from these stratified subgroup analyses. Estimated measures above null value indicated increased risk for the outcome.

In the secondary analyses, mean eGFR and changes in eGFR were also evaluated longitudinally at 12, 24, and 36 months as compared with the baseline at index biopsy. Estimated Kaplan-Meier curves for GF, DWFG, and late death were stratified by baseline eGFR less than 30 versus 30 mL/min or greater at the time of index biopsy.

RESULTS
=======

Demographics of Recipients and Corresponding Donors
---------------------------------------------------

A total of 496 recipients were included in data analysis, sirolimus and mycophonolic acid (sirolimus group, n = 220) and continuation of tacrolimus and mycophenolic acid (tacrolimus group, n = 276). Steroid treatment was added in those who were treated for BPAR at the time of index biopsy (36.4% vs 34.1%, *P* = 0.593), respectively.

Baseline demographics of the recipients and their corresponding donors are described in detail in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}, respectively. Among the recipients\' characteristics, both groups were fairly well balanced (Table [1](#T1){ref-type="table"}) except patients in the tacrolimus group were significantly older (*P* = 0.023) and had a significantly increased proportion with diabetes mellitus (*P* = 0.007). Interestingly, significantly different types of induction agents were used in the groups. Variations in the use of induction agents at the time of transplantation could not be explained based on the available recipient and donor characteristics except it could be related to temporal trends in the use of induction agents as we transitioned from basiliximab-based to alemtuzumab-based therapy during this period. The number of living donors and retransplants was uniformly distributed in the 2 groups (Table [1](#T1){ref-type="table"}).

###### 

Recipients\' demographics, transplant-related characteristics, and index biopsy histology findings in the overall study population

![](txd-2-0e98-g002)

###### 

Donor characteristics of the overall study population

![](txd-2-0e98-g003)

Time (in months) to index biopsy (*P* = 0.923) as demonstrated in Table [1](#T1){ref-type="table"}, and proportions of different Banff grades of BPAR (*P* = 0.661) (data not shown) were similar in the 2 groups. Histological characteristics of index biopsy (Table [1](#T1){ref-type="table"}) showed that an increased number of patients in the sirolimus group had IF/TA (81.4% vs 62.0%, *P* \< 0.001), TII (49.6% vs 24.7%, *P* \< 0.001), and arterial hyalinosis or sclerosis (58.2% vs 40.6%, *P* \< 0.001). However, glomerular partial sclerosis (2.7% vs 14.2%, *P* \< 0.001) and periglomerular fibrosis (1.9% vs. 8.4%, 0.002) were more common in the tacrolimus group. Baseline eGFR was similar in the 2 groups (*P* = 0.668). Corresponding donor characteristics were similar in the 2 groups including the recipients of extended criteria donor kidneys (Table [2](#T2){ref-type="table"}).

Primary Composite Outcome
-------------------------

The weighted odds for the primary composite outcome were significantly increased in the sirolimus-based group when compared with the tacrolimus-based group (odds ratio \[OR\], 1.93; 95% confidence interval \[95% CI\], 1.32-2.83; *P* = 0.001) (Table [3](#T3){ref-type="table"}). Unadjusted rates were 686.4 per 1000 person-years (95% CI, 625.1-747.7) versus 525.4 per 1000 person-years (95% CI, 466.5-584.3). Among various factors in the weighted model (Table S1, SDC, <http://links.lww.com/TXD/A23>), delayed graft function was the only additional independent risk factor. A trend toward increased risk for primary outcome in those assigned to sirolimus persisted in different subgroups of recipients (Figure S1, SDC, <http://links.lww.com/TXD/A23>). A significant association was observed in 2-way interactions analyses for sirolimus group with diabetes mellitus (interaction, *P* = 0.013).

###### 

Primary and secondary outcomes in the sirolimus and tacrolimus groups, unweighted and inverse propensity score weighted models

![](txd-2-0e98-g004)

Secondary Outcomes
------------------

During the follow-up period of 36 months after the index biopsy, an increased number of participants in the sirolimus group versus tacrolimus group required rebiopsy (57% vs 42%, *P* \< 0.001). The weighted odds for BPAR were significantly increased in the sirolimus group when compared with the tacrolimus group (OR, 1.67; 95% CI, 1.16-2.41; *P* = 0.006) (Table [3](#T3){ref-type="table"}). Unadjusted rates were 554.5 per 1000 person-years (95% CI, 488.9-620.2) versus 413.0 per 1000 person-years (95% CI, 355.0-471.1); (long rank, *P* = 0.832; Figure [2](#F2){ref-type="fig"}A). Similar grades of BPAR were noted in both groups (data not shown). Delayed graft function remained the only independent risk factor in weighted multivariable models to predict BPAR during the follow-up (Table S2, SDC, <http://links.lww.com/TXD/A23>). The observed interaction with diabetes mellitus remained significant (interaction, *P* = 0.010) (Figure S2, SDC, <http://links.lww.com/TXD/A23>).

![Kaplan-Meier survival curves for time to: (A) follow-up acute cellular rejection, (B) graft failure (death censored), (C) death with functioning graft, and (D) overall death. Individual curves represent the estimated percent survival over time since the index biopsy. Gray lines represent the sirolimus group and dotted black lines represent the tacrolimus group.](txd-2-0e98-g005){#F2}

Contrary to primary composite outcome as well as BPAR, the weighted odds for death-censored GF was similar in the 2 groups (OR, 1.20; 95% CI, 0.66-2.19; *P* = 0.555) (Table [3](#T3){ref-type="table"}). Unadjusted rates were 118.2 per 1000 person-years (95% CI, 75.5-160.8) in the sirolimus group versus 108.7 per 1000 person-years (95% CI, 72.0-145.4) in the tacrolimus group (log rank, *P* = 0.183; Figure [2](#F2){ref-type="fig"}B). Presence of periglomerular fibrosis or transplant glomerulopahty in the index biopsy significantly increased the risk of graft failure in the adjusted multivariable model (Table S3, SDC, <http://links.lww.com/TXD/A23>). Analysis of GF in different subgroups demonstrated no significant associations (Figure S3, SDC, <http://links.lww.com/TXD/A23>).

Increased odds for DWFG was significant in the sirolimus group (OR, 2.01; 95% CI, 1.29-3.14; *P* = 0.002) (Table [3](#T3){ref-type="table"}). Unadjusted rates for the sirolimus group were 250.0 per 1000 person-years (95% CI, 192.8-307.2) compared with 144.9 per 1000 person-years (95% CI, 103.4-186.5) in the tacrolimus group (long rank, *P* = 0.027; Figure [2](#F2){ref-type="fig"}C). Assignment to sirolimus was the only significant factor in the multivariable model (Table S4, SDC, <http://links.lww.com/TXD/A23>). Increased risk of DWFG persisted in all the subgroups treated with sirolimus (Figure S4, SDC, <http://links.lww.com/TXD/A23>).

The sirolimus group had increased odds for late death compared with tacrolimus group (OR, 2.39; 95% CI, 1.59-3.59; *P* \< 0.001) (Table [3](#T3){ref-type="table"}). An increased number of patients 100.0 per 1000 person-years (95% CI, 60.4-139.6) in the sirolimus group had late death versus 43.5 per 1000 person-years (95% CI, 19.4-67.5) in the tacrolimus-treated group (long rank, *P* \< 0.001; Figure [2](#F2){ref-type="fig"}D). Group treatment remained the only independent factor in the multivariable model (Table S5, SDC, <http://links.lww.com/TXD/A23>). All the subgroups studied had increased risk of death while on dialysis if exposed to sirolimus-based therapy rather than tacrolimus-based therapy before graft failure (Figure S5, SDC, <http://links.lww.com/TXD/A23>).

Reduction (≥50%) in eGFR at 12 months compared with baseline trended toward being higher in the sirolimus-based group versus tacrolimus-based group (OR, 1.90; 95% CI, 0.96-3.76; *P* = 0.067); unadjusted rates were 125.0 per 1000 person-years (95% CI, 77.2-172.8 and 74.4 per 1000 person-years (95% CI, 41.3-107.4), respectively. This risk plateaued at other periods (24 and 36 months) during the follow-up. Overall plots of eGFR over time trended to be lower in the sirolimus group versus tacrolimus group after censoring for deaths with function as well as death-censored graft failure (Figure [3](#F3){ref-type="fig"}A), or when analyzed with last observation carried forwards (Figure [3](#F3){ref-type="fig"}B), or with missing data through follow-up (Figure [3](#F3){ref-type="fig"}C). Furthermore, changes in eGFR (delta eGFR) at 12, 24, and 36 months suggested increased loss of eGFR in the sirolimus group without or with censoring (Figures [4](#F4){ref-type="fig"}A-C).

![eGFR since baseline: (A) after censoring for death and graft failure, (B) with the last eGFR values carried forwards, and (C) after excluding individuals with missing data due to death or graft loss. Points show the mean at each time point and lines represent the 95% confidence interval.](txd-2-0e98-g006){#F3}

![Change in eGFR from the baseline eGFR measurement at index biopsy and follow-up at 12, 24, and 36 months (A) after censoring for death and graft failure and (B) with the last eGFR values carried forwards, and (C) after excluding individuals with missing data due to death or graft loss. Gray dots represent the sirolimus group and black squares represent the tacrolimus group. Red lines represent the mean and standard deviation in change in eGFR from baseline eGFR at each time point.](txd-2-0e98-g007){#F4}

Baseline eGFR at the time of index biopsy was an important determinant for future outcomes. Kaplan-Meier plots for BPAR during follow-up (Figure [5](#F5){ref-type="fig"}A), DWFG (Figure [5](#F5){ref-type="fig"}C), and late death (Figure [5](#F5){ref-type="fig"}D) demonstrated that except for the death-censored GF (Figure [5](#F5){ref-type="fig"}B), tacrolimus groups with either eGFR of 30 or greater, or less than 30 mL/min at the time of index biopsy (black lines) had significantly lower event rates compared with the corresponding eGFR stratas in the sirolimus-based groups (Figures [5](#F5){ref-type="fig"}A, C, and D), whereas death-censored GF was similar in both groups and all eGFR stratas (*P* = 0.351) (Figure [5](#F5){ref-type="fig"}B).

![Kaplan-Meier survival curves stratified by baseline eGFR less than 30 versus 30 or greater. Individuals were stratified according to their baseline eGFR (\<30 or ≥ 30) at the time of index biopsy and group assignments (sirolimus or tacrolimus) for (A) follow-up acute cellular rejection, (B) graft loss (death censored), (C) death with function graft, and (D) overall death. Individual curves represent the estimated percent survival over time since index biopsy. Gray lines represent the sirolimus group and black lines represent the tacrolimus group. Solid lines represent those with a baseline eGFR less than 30 and dotted lines represent those with a baseline eGFR of 30 or greater.](txd-2-0e98-g008){#F5}

Subgroup Analysis
-----------------

In addition to the use of PS-based IPTW modeling for bias, we reexplored the impact of selection bias that may have developed at the time of interpretation of index biopsy findings by analysis of the primary and secondary outcomes in the subgroups defined by the absence or presence in the index biopsy of: (a) BPAR (because these patients were on maintenance steroids after treatment for T cell mediated rejections) (Table [4](#T4){ref-type="table"}A), (b) IF/TA (Table [4](#T4){ref-type="table"}B), (c) TII (Table [4](#T4){ref-type="table"}C), and (d) the use of different induction agents (Table [4](#T4){ref-type="table"}D-F) at the time of transplantation. The results continued to remain significant for both primary and secondary outcomes in the sirolimus-treated subgroups and unchanged from the overall results (Table [4](#T4){ref-type="table"}A to D).

###### 

Primary and secondary outcomes for sirolimus therapy after stratification by potential confounders (tacrolimus group as the reference group)

![](txd-2-0e98-g009)

A post hoc power analysis based on the primary composite outcome with 68.8% (sirolimus group) and 52.5% (tacrolimus group), an α of 0.05 and total sample size of 496 patients demonstrated an observed power of 95.6%.

DISCUSSION
==========

This retrospective and pragmatic patient-centered outcome study in a large cohort of kidney transplant recipients with acute allograft dysfunction (threatened allograft) during the first year after transplant demonstrated that discontinuation of tacrolimus neither prevented graft failure nor improved the eGFR during 36 months of follow-up. More importantly, we observed that use of sirolimus in these patients increased the risk of death while on sirolimus-based treatment. The risk of increased mortality continued to persist even after discontinuation of sirolimus therapy immediately after the onset of graft failure. Additionally, discontinuation of tacrolimus increased the need for rebiopsy with an increased trend for BPAR. A significantly increased number of patients in the sirolimus-based group had 50% or greater decrease in eGFR from baseline during the first 12 months compared with the tacrolimus-based group. This is an important cause for concern, and it raises the possibility that increased risk of death may be related to the rapid decay in graft function after conversion to sirolimus- based therapy or perhaps a direct effect of the drug. Despite the fact that the tacrolimus group had a greater number of older patients as well as patients with diabetes mellitus, both the primary endpoint and DWFG were significantly higher in the sirolimus group. The risk of these adverse outcomes in the sirolimus-treated group persisted upon PS IPTW analyses. Whereas the sirolimus groups had significantly an increased number of biopsies with moderate-to- severe TII at the time of index biopsy, the rate of graft loss did not differ between the subgroups when analyzed on the basis of absence or presence of these histological characteristics in the index biopsies. Similarly, the rate of graft loss did not differ among the prespecified subgroups (low- or high-immunological risk) that were analyzed by forest plots methods.

Within the limitations of residual confounding and intervening physician biases, these data of hard endpoints support the notion that continuation of tacrolimus in recipients with early-onset declining graft function and histological evidence of TII on index biopsy does not culminate in accelerated graft failure. On the contrary, our data suggest that sirolimus-based therapy in such patients could be a contributing factor for increased risk of death with function (DWF) as well as late death.

The persistence of acute allograft dysfunction after early acute rejection is less common due to low incidence of BPAR during the first year of transplant, particularly after induction with alemtuzumab-based therapy.^[@bib46]^ Early-onset graft dysfunction is perhaps different in its pathophysiology compared with late-onset allograft dysfunction.^[@bib40]^ In the absence of microcirculatory abnormalities in the allograft biopsy as well as lack of anti-HLA antibodies, new-onset allograft dysfunction during the first year of transplantation presents a clinical challenge simply due to lack of interventions to preserve allograft function, specifically if the allograft biopsy reveals the features of TII.

One of the challenging aspects of current immunosuppression therapy is an ongoing debate about the impact of CNI toxicity, particularly in those recipients who have new-onset allograft dysfunction in the presence of prominent histological features of TII, IF/TA, and nonspecific inflammation.^[@bib12],[@bib18],[@bib47]^ The role of CNIs in the development of tubular injury continues to be debated.^[@bib13],[@bib20],[@bib24],[@bib25],[@bib28],[@bib31],[@bib48],[@bib49]^ Calcineurin inhibitor-sparing approaches^[@bib35],[@bib50]^ as well as conversion to mTORIs early after transplantation in patients with stable allograft^[@bib36]-[@bib38]^ have reported variable results. Our study results are consistent with other studies^[@bib51],[@bib52]^ that the use of mTORI can be associated with increased mortality. However, it is worthwhile to bear in mind that sirolimus use in healthy mice models has been associated with increasing lifespan by postponing cancer deaths, retarding mechanisms of aging, or both.^[@bib53]^

It can be argued that these unfavorable results with the use of sirolimus in patients with a threatened allograft are perhaps due to protopathic bias^[@bib43]^ because the patients assigned to sirolimus had significantly more severe degree of tubular injury compared with the comparator group. However, the mortality risk remained unchanged in the IPTW adjusted models. Additionally, subgroup analysis based on the presence or absence of tubular damage at the index biopsy continued to show that those assigned to sirolimus were at increased risk of mortality outcomes. Because we did not demonstrate a significant impact on the allograft function in the tacrolimus group during the period of follow-up, it is possible that perhaps tacrolimus as a prototype of CNI may not adversely affect the graft function in those recipients with biopsy findings showing predominantly TII as has been illustrated by other investigators.^[@bib28],[@bib31],[@bib49],[@bib54]^

Death after graft loss (late-death) is not often studied end-point in the transplant patients. Recent registry data demonstrated that all-cause mortality after graft failure increases significantly.^[@bib55]^ Similarly, we observed that exposure to sirolimus was associated with increased mortality during the first year after graft failure while on dialysis, whether it is a simple association or cause-effect phenomenon cannot be answered in this data analysis. It should, however, be a cause for concern until more definitive data are available, that exposure to sirolimus increases the risk for death even after its discontinuation. This risk may be even stronger than we reported because we only captured this outcome data for the first year after graft failure.

Our study is not without limitations. One of the major limitations is that it is a retrospective single-center study. Other limitations of this analysis are the lack of data for the events that resulted in deaths either while on sirolimus therapy or after discontinuation of sirolimus while on dialysis. Also, we did not capture the data for the development and progression of proteinuria if any while on sirolimus-based therapy. Selection bias at the time of assignment to sirolimus due to physician preferences, recipient demographics, histological characteristics of the index biopsy, and other unmeasured confounders may have influenced these results. That is perhaps less likely given the details of this analysis and the consistency of results in the subgroups studied. Additionally, we evaluated other important outcomes, such as late death.

These data suggest, contrary to the general belief, that continuation of tacrolimus in patients with a threatened allograft does not portend a bad prognosis either for the graft or patient survival. Although retrospective studies offer considerable insights into the relationship between exposure and outcomes, causal inferences must be made with extreme degree of caution. The results of this data should be interpreted in light of the weaknesses as well as limitations of data analysis. Furthermore, the results of this data analysis do not apply to the use of other mTORI such as everolimus. Notwithstanding these limitations, these results are perhaps generalizable due to lack of rigid inclusion and exclusion criteria, center-specific consistency in treatment algorithm, a large cohort of patients, emphasis on hard outcomes, and intermediate duration of follow-up.

There are significant gaps in our understanding about the immunopathological basis of TII in the development of early allograft dysfunction and the impact of TII in the absence of microcirculatory inflammation. Whether such recipients could benefit by other interventions, such as replacement of tacrolimus with belatacept (under investigation: NCT01820572), or the use of low dose tacrolimus and sirolomus as has been demonstrated in recipients of kidney-pancreas transplants,^[@bib56]^ or the use of mesenchymal stem cells that may facilitate the processes of tissue repair due to their known anti-inflammatory and antifibrotic effects (under investigation: NCT 00659620), are evolving paradigms. In conclusion, the results of this data analysis bode poorly for the use of sirolimus with respect to lowering the risk of graft loss and death in recipients with threatened allografts during the first year of transplant.
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